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of each horizontal bow, therefore, is a conic section, ellipse, parabola, or hyperbola, as determined by the angular altitude of the sun. If this altitude is H, and the height of the eye above the surface h, then the distances d and D from 0, the foot of the perpendicular from the eye, to the nearest points on the primary and reflected bows, are given by the equations
d = h cot (42° + ff), and
D = h cot (42° - H), respectively.
The explanations of all other horizontal rainbows, secondary and supernumeraries, are exactly the same as that of the primary, except as to angular opening of the ray cone—50° for the secondary bow, and whatever is right for each of the others.
A remarkable bunch of horizontal bows, direct primary and, of course, merged reflection primary, reflected primary and direct and merged reflection secondary, was observed on Lake Monroe, Florida, in the spring of 1928, by Dr. E. D. Ball who kindly put his unpublished notes on this interesting phenomenon at my disposal. Similarly, Juday1 reports the simultaneous occurrence, Oct. 23, 1924, of the primary bow, its first two supernumeraries, and also, the secondary, on the surface of Lake Mendota, Wisconsin.
Why There is No Visible Rainbow without Internal Reflection.— Since more light passes through the raindrop at the place of first internal reflection than anywhere else, it is reasonable to ask why this light, which is refracted as much as any other, instead of giving the brightest of all rainbows, shows none at all.
Clearly, and as is obvious from inspection of Fig. 174, the deviation of this nonreflected light varies from zero, in the case of that which is normal to the drop, to a maximum for the tangential. Its brightness, however, as seen by the observer, gradually decreases, with increase of deviation, to zero at 2(90° — sin"1 I//*) from the sun, ju being the air-water refractive index for the wave length under consideration. Hence, owing to superposition of the several colors, all this refracted but nonreflected light is white, except a violet to bluish circular border about 84° from the sun, or other source, and far too faint ever to be seen.
1 Monthly Weather Review, 44; 65, 1916.

